SiGe epitaxy - the key to the device market  by Szweda, Roy
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Roy Szweda, 
Associate Editor 
Epitaxial growth was the enabling technolo- 
gy that transformed the area of silicon-ger- 
manium (SiGe) devices from a promising 
R&D activity into a full-blown commercial 
enterprise. In this article, we take a closer 
look at this key stage for the production of 
SiGe devices and review the developments 
in production technology that are contribut- 
ing to the rapid growth in this market. 
SiGe Epitaxy- the Key to 
the Device Market 
Philips Analytical's DCD Pro 
XRD wafer analyzer generates 
wafer maps with automatic 
Go/NoGo decision for 
production environments. 
Today the number  of companies  involved in SiGe 
device manufacture is in double-digits and 
approaching triple-digits.As hown in Figure 1 
their  device products  will represent  a substantial 
addit ion to the high performance-RF and broad- 
band fibre-device marketplace by 2006.As far as 
epi is concerned  the market would appear  to be 
split amongst  four main vendors each wi th  their  
own approach to the needs of makers of 
devices. On the one hand and as a result of the 
p ioneer ing work  of IBM's Bernie Meyerson in 
the area, there is the batch-wafer ultra-high-vacu- 
um, chemical  vapour  deposit ion (UHV-CVD) 
process. However the most favoured approach 
would appear to be low-pressure CVD as 
favoured by ASM and Appl ied Materials and latter- 
ly by a company wel l -known to this readership, 
Aixtron AG.These approaches use smaller num- 
bers of wafers, for example the ASM Epsilon uses 
a single wafer processing configuration. 
To find out more TFR spoke to several people 
involved in the equ ipment  side and how it com- 
pares to the III-Vs familiar to readers of this mag- 
azine. Firstly, Dr. Hans Martin Buschbeck who is 
General Manager, High Speed Silicon, at Unaxis 
Balzers Aktiengesellschaft: "Sirius is a batch type 
system which  runs wi th  the UHV-CVD process 
wh ich  allows lower growth temperature wi th  
high throughput  and so on. Lower growth tem- 
perature has some quality advantages such as 
better  surface morphology, possibil ity to go to 
h igher Ge concentrat ions." Typically, other  
machines covered here are LPCVD single wafer 
systems and run at h igher temperatures.A photo  
of the Sirius system is shown in Figure 2. 
"Unaxis and others have a l icensing deal w i th  
IBM.A customer  who buys our Sirius system 
acquires also the r ight to process low tempera- 
ture epitaxy SiGe layers." Unlike the GaAs MMIC 
business where  ion implant  is still important  in 
an era of growing epi dominat ion,  epi reigns 
supreme in SiGe.There are numerous  parallels 
between the two activit ies.The most  obvious is 
that of it being per formed at low pressure.This 
pressure compares  favourably wi th  those used 
by MBE but is lower than that typical of MOCVD. 
The dissimilarities are the more striking, howev- 
er. Notably, UHV-CVD is more akin to traditional 
sil icon processing, i.e. it is batch based. Up to 
two dozen 8-inch wafers compares very favour- 
ably to a typical MBE or MOCVD load.We are not 
strictly compar ing like with like here, however, 
as these processes are not interchangeable.  
The end result has some similarities to basic dop- 
ing of a substrate rather than the many ultra-thin 
epilayers typical of some III-V epitaxy structures. 
Much of the process is in common wi th  other  
CVD approaches.  Gas and pressure controls cou- 
pled wi th  computer  menu operat ion are very 
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Philips Analytical's DCD Pro 
XRD wafer analyzer generates 
wafer maps with automatic 
Go/NoGo decision for 
production environments. 
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familiar. In-situ monitor ing is also important. So 
too the use of high purity source materials. How- 
ever, for SiGe these are much simpler compris ing 
the carrier gas and a stream of gcrmane/si lane 
and/or some other material to, as required, pro- 
vide carbon incorporation too. From the view- 
point of the substrates the process is rather sim- 
pler. In the main, at the beginning of the process, 
the SiGe line requires only standard Si substrates. 
Today, more and more pre-structured wafers are 
used, such as Si/SiN or Si/SiO 2 structures. In
other words the substrates receive proprietary 
treatments and structures in dielectric patterns 
before they go to the epitaxy stage. Some pre- 
growth cleaning is routine but the market is not 
distinguished by 'epi-ready' materials or special 
orientations or whatever.The UHV-CVD process 
engineer can thus draw upon a general stock of 
substrates.These could be 8-inch diameter or 
smaller, depending on the application. But there 
is the capability of moving up to the largest sili- 
con substrates currently available, i.e. the 12-inch 
variety, the biggest in the business. 
TFR also spoke to Derek Houghton who should 
know a thing or two about SiGE epitaxy as he 
was a co-founder of SiGe Semiconductor (former- 
ly SiGe Microsystems) the commercial  spin-out 
from the NRC. Derek is now part of the new 
team Aixtron AG has set up for commercialisa- 
tion of its in-house silicon epitaxy process equip- 
ment: "Basically, SiGe adds value by giving higher 
speed to conventional BiCMOS. But this speed 
can be traded off for low noise - or jitter in 10 
Gbit/s parlance - and lower power. Better lineari- 
ty is also a big deal wh ich  comes from SiGe Si 
heterojunct ion technology. In contrast for RF and 
wireless we are using the low power  and noise 
up to 5 GHz in a cheap CMOS-based technology. 
CMOS and BiCMOS without SiGe are not good 
enough." 
Custom Epitaxial Solutions 
QinetiQ offers custom 
epitaxial growth and 
characterisation solutions for 
today's fast-changing 
environment. We can 
supply epitaxial ayers to 
stringent specifications, and 
offer layer design and device 
fabrication if required. 
• Custom wafer growth with no minimum order 
• High quality, with 20 years of expertise behind us 
• Full in-house characterisation (SIMS, X-ray, CV, 
Hall, PL) 
• GaAs/AIGaAs, InP-based, InSb/InAISb, 
GaN/AIGaN, CdTe/HgCdTe, SiGe, dilute nitrides 
• MBE, CBE and MOCVD 
• Custom device fabrication and assessment 
• Layer design and modelling 
Tel. +44 1684 895365 
Fax. +44 1684 896938 
electro-optics@Qi netiQ.com 
www.electro-optics.co.uk 
QinetiQ was formerly DERA, the UK's 
Defence Evaluation and Research Agency 
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QinetiQ 
St. Andrews Road, Malvern, UK 
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UHV & LP-CVD IBM has been something of the 
fulcrum upon which the entire SiGe business 
pivots, it has l icensed its process to half a dozen 
equipment makers as well as mantffacturing 
devices for luminaries uch as RFMD. Unusually 
no dedicated specialist has taken up this tech- 
nique afresh. Instead, the l icenses and market are 
in the hands of well-established vendors. Not sur- 
prisingly, these are mainly US or Europe-related 
with some connect ions with compound semi- 
conductors.  But we should not forget MBE.While 
this is as yet not widely used for SiGe product ion 
and according to some industry observers is
unlikely to - technically this is a possibility. Over 
the long-term it may prove better suited in some 
respects to markets uch as SiGe optoelectronics 
or optical circuits. However, as is shown by the 
success of the family of opto devices based on 
IlI-nitrides, CVD processes have come to domi- 
nate what was formerly expected to be a good 
commercial  opportunity for MBE via II-VI 
compounds.  
Oddly, though, wel l -known companies with a 
strong hand in MBE, have chosen the route of 
alternative silicon epi processes or alliances with 
others presently using UHV-CVD. Via an alterna- 
tive outsourcing partnerships, businesses are 
being built in merchant cpiwafering. For exam- 
ple, AmberWave Systems Corporation, (Salem, 
NH, USA) has partnered with IQE Silicon 
Si cap 
itrained SiGe, 
Si Substrate 
Figure 1: Schematic represen- 
tation of strained Si l -xGex 
channel layer on unstrained 
silicon: hote mobilities in the 
channel are improved by 
causing band edge disconti- 
nuities in the valence band. 
Relaxed SiGex 
;trained S 
Relaxed SiGex 
Si Substrate 
Figure 2: Schematic represen- 
tation of strained silicon 
channel layer on a relaxed 
5iGe buffer: electron mobili- 
ties in the channel are 
improved by causing band 
edge discontinuities in the 
conduction band. 
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CS CLEAN 
SYSTEMS 
J 
High PH3 Flows? 
CS CLEAN SYSTEMS 
the SAFE solution for 
MOVPE Exhaust Gas Purification 
Contact: 
sales @ csclean.com 
www.cscleansystems.com 
Compounds Ltd., the subsidiary of IQE plc for the high-vol- 
ume production of epiwafers based on AmberWave's propri- 
etary S-MOS strained silicon technology. By working together, 
AmberWave and IQE plc offer the semiconductor industry 
immediate and cost-effective access to epiwafers. IQE pie will 
utilise AmberWave's technology to produce high volumes of 
strained silicon wafers. 
Growing the kinds of SiGe graded layers required to produce 
strained silicon typically poses a crosshatching problem that 
results in surface defects on the wafer.AmberWave has over- 
come this problem by incorporating a chemical mechanical 
polishing step (CMP) in the middle of the epitaxial growth 
process.The patented technique makes possible grading of 
the epilayer from 100% silicon to 100% germanium, a process 
exclusive to AmberWave that will ultimately enable speed and 
power improvements previously thought impossible based on 
the silicon infrastructure.This approach eliminates the surface 
quality and defect problems that plague other strained silicon 
technologies.A silicon layer is grown on top of a graded SiGe 
layer, which is itself grown on top of a normal silicon sub- 
strate.This thin, top layer of silicon will modify its lattice 
structure to conform to the top-m0st SiGe layer, becoming 
stretched-or strained-and increasing the mobility of electrons 
and holes in the material. Such devices have already exhibited 
electron and hole mobility enhancement factors of between 
1.5 and 2.2 over conventional silicon. I suggest that you visit 
Amberwave's website for a movie demo of how strained lay- 
ers are prepared by LP-VPE: 
http://www.amberwave.com/strained/ 
So, over the next few years the market for SiGe materials and 
equipment will continue to expand above the industry aver- 
age. But much will depend on the success of the SiGe IC busi- 
ness in competition with GaAs and InP for volume businesses 
as well as niche applications.The battle has yet to be won but 
along the way it will be a good revenue stream for not a few 
companies in the epitaxy business.ASM BV, which favours low 
pressure CVD, says that the installed base of its Epsilon 
machines has 'more than doubled in recent years and much of 
this growth has been in SiGe, SiGe:C and related applications'. 
In fact, the Epsilon is 'preferred by over 70%' of the world's 
device manufacturers for processing SiGe-based evices in 
R&D and production.There are over 75 Epsilon SiGe/SiGe:C 
reactors in production, so it would clearly lead the market in 
SiGe installations. 
With little in the public domain, one can speculate how many 
SiGe UHV-CVD machines there are currently operational in 
the business. I estimate there are around 20, perhaps 5% of 
the tally for III-Vs MOCVD and MBE worldwide. IBM has the 
most at around six-which are of the Unaxis UHV-CVD type as 
based on the original IBM design - while the NRC in Canada, 
MIT in USA and Maxim also have at least one machine ach. It 
is understood that several SiGe epi systems are in use in the 
Far East.The less publicity shy Electronics Research and 
Service Organization (ERSO) of the national Taiwanese 
Industrial Technology Research Institute (ITRD has said it has 
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a Sirius machine for R&D and product ion.  
However, we can expect  sales there to increase 
given that country 's  great interest in volume 
device markets. For example, it has not been  
conf i rmed but TSMC is offering a SiGe foundry 
IC service and so may well have epitaxy capabili- 
ties.ASM claims to have the largest installed base 
of SiGe reactors and related applications. It
developed the first SiGe processes using its 
Epsilon epitaxy tool in 1990 wh ich  is in use at 
many device manufacturers wor ld over.We 
should include other  machines uch as those 
from Appl ied Materials and Aixtron AG.They dif- 
fer from UHV-CVD in key respects, e.g. they run 
at h igher temperatures.  
Andreas Schuppen formerly leader of ATMEL's 
SiGe team and now wi th  Aixtron AG, declares 
that a couple of epitaxy machines  for sil icon 
based appl ications are in the field. How many of 
these are for SiGe remains open to quest ion - 
some are for oxide growth such as the recent  
Tricent sale to IQE. "The AIX 2600G3 Planetary 
Reactor handles three 8-inch wafers for SiGe 
strained Si and GaAs on Si.A notable feature is 
the highest h roughput  of any machine of this 
type coupled w i th  high uni formity-  thickness 
mapping of an 8-inch SiGe wafer gave a SD of 
0.59% with  a min /max of 1.6% - and low cost-of- 
ownership.  Over three years ago Appl ied 
Materials (Mesa, AZ, USA) began working wi th  
ATMI Epitaxial Services, the suppl ier of specialty 
epitaxial services. It provided the means for 
demonstrat ing and developing SiGe epitaxial 
processes on Applied Materials' Epi Centura sys- 
tem.With in  the col laboration, IC makers have 
been using the Centura system at Epitronics' 
facility for process demonstrat ion and develop- 
ment  under  the guidance of Appl ied Materials 
and Epitronics technologists. 
Such arrangements have not only aided the 
wider  spread of sales of two types of SiGe-relat- 
cd products,  equ ipment  and epiwafers but also 
provided an easier route to those interested in 
SiGe wi th  lower investment  in equ ipment  and 
technology.They can thus achieve a more effi- 
cient pathway from deve lopment  to product ion.  
SiGe is an important  RF technology for the lead- 
ing players such as Motorola. For this company 
SiGe:C R&D work is per formed in Tempe,AZ, at 
the DigitalDNA Laboratories.This i  where  all 
design work  is carr ied out using SiGe:C. 
However, the wafer product ion is done at one of 
the Motorola fabs in Austin. Importantly, the SiGe 
wafers are processed in the same one used for 
standard RF BiCMOS products,  conf i rming the 
earlier content ion  that such materials were not 
mutually incompatible.At present  Motorola says 
that it sources all its own SiGe:C epiwafer needs. 
It has installed equipment-but  does not reveal 
details-and has a wel l -understood recipe in- 
house. 
Like other  players in the market, Motorola's 
SiGe:C devices are not restr icted to standard 
component  for the merchant  market, but also 
include custom components .These  are used in 
Motorola's and other  manufacturers'  phones.  
However, the foundry services are as yet l imited 
to a few selected customers.As ment ioned at the 
outset, the intent ion of this article has been to 
overview some of the commercia l  offerings in 
UHV-CVD and related epitaxial processes for 
SiGe. It will not  try to exhaustively assess the 
respective merits of these and other  techniques.  
But now it is wor th  turn ing to see how the epi- 
wafer wh ich  is so important  for III-Vs compares  
in the SiGe market. 
Epi services Aixtron is very familiar wi th  the 
serving of markets for makers of devices and 
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merchant  epiwafers, and according to Andreas 
Schuppen,  "Today's market for these machines is 
device companies,  there is not yet a big market 
for SiGe merchant  epiwafer vendors.This  is 
because the device companies  have to process 
the wafers before they go into the epi reactor.A 
characterist ic of the si l icon business is that 
everyone does their  own SiGe epitaxy, it is unlike 
the way for compound semiconductors  where  a 
large market has grown up for epiwafers up- 
pl ied by sub-contractors.The IP is in the epitaxy 
and the process ing wh ich  can exceed three 
dozen mask steps. In III-Vs epitaxy the larger 
part  of the device fabrication is included in the 
epitaxy part of the total process." 
When we first wrote about SiGe in TFR it was a 
feature on what  seemed to be the start of a new 
trend paralleling that of III-Vs, the world's first 
merchant  SiGe epiwafer company. Canada's SiGe 
Microsystems has since then changed consider- 
ably and today emphasises design and IP rather 
than the provision of epiwafers alone. But it is 
clear that a requi rement  for specialist wafer serv- 
ices remains.At he moment  demand is small, 
this is because more and more prestructured 
wafers are used, such as Si/SiN or Si/SiO 2 struc- 
tures. Nevertheless, it could be that in the future 
substrate suppl iers will fabricate 'virtual SiGe 
substrates' these consist of a graded buffer layer 
and a defect free epitaxial SiGe layer on top. 
"Future demand is for the ability to grow thick 
buffer layers for 'virtual SiGe substrates' as a base 
for strained Si or strained SiGe channels  for 
HEMT applications, for example. Strained Si 
CMOS is where  a relaxed SiGe graded buffer 
with Si on top is made and then processed as if 
it were  convent ional  CMOS.This is potential ly a
big target market" says Derek Houghton.  
"Another important  area of appl icat ion could be 
optical waveguides." 
Conclusions 
Despite having a lower profile than some other  
areas of the semiconductor  industry, it would 
seem that SiGe epitaxy is now big business.This 
article has tr ied to reveal what  a major market  
sector SiGe materials and devices has become.  
With as many as a hundred  machines now in 
operat ion at many of the leading device makers 
around the world, SiGe could be said to have 
well and truly arrived. It is, however,  not  a simple 
market and now has not one but  several 
approaches from which  to choose to make your 
devices.This is up to a po int  appropr iate given 
the historical precedents  and also to reflect the 
pending diversity of the business.The business 
has been surprisingly well invested in by device 
makers at a t ime of a drastic market. SiGe is 
aimed at captur ing fibre and wireless market- 
share so in the te lecom downturn  the prodigious 
output  of such machines must  for now be ilI- 
matched to demand.  Even in the future when the 
market picks up there will likely be interesting 
t imes for those trying to find and dominate the 
high volume appl icat ion markets wh ich  best suit 
SiGe.With such high quality equ ipment  for the 
deposit ion and character isat ion f SiGe thin 
films, the market is thus on course to be a grand 
opportuni ty  for the suppl iers ment ioned here. 
GaAs InSb 
In 
.Wafers 
GaSb GaP 
Atomergic Chemetals Corporation (USA) 
Producers of Fine Chemicals, Semiconductor Wafers and MBE/Sputtering Materials 
Tel# 631-694-9000 Fax# 631-694-9177 
e-mail: info@atomergic.com Web Site: http://www.atomergic.com 
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